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Described is a reaction of a fluorinated alkoxide with an alky] fluorovinylalkyl ether, the alkyl fluorovinylalkyl ether having alpha-beta 
carbon-carbon unsaturation relative to the ether oxygen, to produce a hydrofluoroether. 
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PROCESS FOR PREPARING HYDROFLUOROETHERS 

) 

Field of the Invention 

The invention relates to reaction of a fluorinated alkoxide with an alkyl 
5 fluorovinylalkyl ether to prepare a hydrofluoroether. 

Background 

Hydrofluoroethers (HFEs) are a class of commercially valuable chemical 
compounds. In a number of applications hydrofluoroethers have been found to be 

10 useful replacements for chlorofluorocarbons (CFCs), the use of which is presently 
disfavored and regulated due to the adverse effects CFCs are believed to have on 
the environment. Hydrofluoroethers have been found to be less harmful to the 
earth's ozone layer than CFCs because, for one thing, they are typically more easily 
degraded within the earth's atmosphere (they exhibit a low "ozone depletion 

15 potential"). 

Hydrofluoroethers have been found to be useful in a number of important 
industrial and commercial applications. They can be used alone or in combination 
with other chemicals, e.g., in applications where CFCs have been used in the past 
(as a solvent, a cleaning fluid, a polymerization medium, a fire extinguishing 

20 medium, a heat transfer agent, a refrigerant, or as a metal working agent in the 

cutting or forming of metals). With increasing demand for hydrofluoroethers, there 
exists an ongoing need to identify efficient methods for their production. 

Hydrofluorocarbons (HFCs), which include a very wide variety of organic 
compounds composed of hydrogen, fluorine, and carbon,' are also important 

25 industrial and commercial chemicals for use in applications such as in fire-fighting 
compositions, gaseous dielectrics, sterilant carriers, refrigerants, heat transfer fluids, 
cleaning fluids, and solvent applications, etc. As a single example, HFC-236 
(C 3 F 6 H 2 ) is useful as a refrigerant as a replacement for CFC-1 1, CFC-1 13 and CFC- 
1 14. There is continuing need for efficient methods of preparing a variety of 

30 different commercially useful HFCs such as HFC-236. 
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Summary of the Invention 

The present invention provides a method of reacting a fluorinated alkoxide 
with an alkyl fluorovinylalkyl ether. According to the invention, a fluorinated 
alkoxide can be reacted with a fluorinated vinyl ether to produce a 

* 5 hydrofluoroether. At the same time can be produced a conjugate base of a 

fluorinated carbonyl compound which may be further processed to produce other 
useful chemical compounds (e.g., hydrofluorocarbons). Thus, the inventive method 
provides not only a method of producing valuable and useful hydrofluoroethers, but 
at the same time can provide fluorinated carbonyl compounds that can be further 

10 reacted to produce other useful chemical compounds such as hydrofluorocarbons. 
The invention allows two classes of useful compounds to be produced, achieving 
efficiencies that could not be met by methods in the prior art. 

An aspect of the invention relates to the reaction of a fluorinated alkoxide 
with an alkyl fluorovinylalkyl ether having alpha-beta carbon-carbon unsaturation 

15 relative to the ether oxygen, to produce a hydrofluoroether. The resultant 

hydrofluoroether can be of any chemical identity, and will depend upon the chosen 
react ants. 

Another aspect of the invention relates to a process for preparing a 
hydrofluoroether. The process includes the steps of providing an alkyl 

20 fluorovinylalkyl ether; providing a fluorinated alkoxide; and reacting the alkyl 

fluorovinylalkyl ether with the fluorinated alkoxide to produce a hydrofluoroether. 

A specific embodiment of the invention relates to a process for preparing a 
hydrofluoroether and a hydrofluorocarbon. The process includes the steps of 
providing an alkyl fluorovinylalkyl ether; providing a fluorinated alkoxide; reacting 

25 the alkyl fluorovinylalkyl ether with the fluorinated alkoxide to produce a 

hydrofluoroether and a conjugate base of a fluorinated carbonyl compound; treating 
the conjugate base of the fluorinated carbonyl compound with water to produce an 
alpha-hydro carbonyl compound; and, if the alpha-hydro carbonyl compound 
comprises a carboxylic acid, decarboxylating the alpha-hydro carbonyl compound to 

30 form a hydrofluorocarbon. 
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Within the present description, the following terms will be given the 
designated meanings: 

"Fluorinated," as in fluorinated aliphatic, and the prefix "fluoro-," as in 
fluorovinylalkyl, refer to organic chemical moieties in which at least one carbon- 
" 5 bonded hydrogen atom has been replaced by fluorine. 

"perfluorinated" and the prefix "perfluoroalkyl-" refer to organic chemical 
moieties in which essentially all carbon-bonded hydrogen atoms in an alkyl group 
have been replaced by fluorine atoms, e.g., at least 95 percent, preferably at least 99 
percent, of all hydrogen atoms have been replaced with fluorine. 
10 "hydrofluorocarbon" refers to compounds composed of carbon, hydrogen 

and fluorine atoms. 

"hydrofluoroether" and "HFE" refer to fluoroalkyl-alkyl ether compounds. 

Detailed Description 

1 5 According to the invention, an alkyl fluorovinylalkyl ether can be reacted 

with a fluorinated alkoxide to produce a hydrofluoroether. 

The alkyl fluorovinylalkyl ether can be any ether compound comprising an 

ether-bonded alkyl component (R) and an ether-bonded fluorovinylalkyl 

component, where the ether-bonded fluorovinylalkyl component includes carbon- 
20 carbon unsaturation between the alpha and beta carbons (alpha-beta unsaturation) 

relative to the ether oxygen. Examples of such alkyl fluorovinylalkyl ether 

compounds include those of general formula I: 

(I) 

25 In formula I, R f \ Rf 2 and R/ are independently fluorine atoms or fluorinated 

aliphatic groups preferably having from 1 to 10 carbon atoms which may be linear, 
branched, or cyclic, and which may optionally contain a catenary ether oxygen 
atom, or be unsaturated. R can be any alkyl that is sufficiently sterically unhindered 
to allow reaction with a fluorinated alkoxide. Preferably R f \ R f 2 , and R f 3 are each, 
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independently, F or a perfluorinated aliphatic group having from 1 to 10 carbon 
atoms, and which may be linear, branched, or cyclic, and which may optionally 
contain a catenary ether oxygen atom. R is preferably a linear or branched alkyl 
having from 1 to 6 carbon atoms, and preferably having a non-tertiary carbon atom 

* 5 bonded directly to the ether oxygen. Also optionally, the alkyl fluorovinylalkyl 

ether can be di-functional with respect to the vinyl moiety, i.e., a bis-vinyl ether; in 
such instance a resulting carbonyl compound reaction product (see below) can be a 
bis-carbonyl compound. 

Alkyl fluorovinylalkyl ethers can be prepared by known methods. One such 

10 method is the addition of an alcohol to a fluoroalkene, followed by 

dehydrofluorination of the intermediate addition product. See M. Hudlicky, 
Chemistry of Organic Fluorine Compounds, pp. 285-9 and 409 (2™^. 1992). 
Preferred alkyl fluorovinylalkyl ethers can be derived from PFIR 
(octafluoroisobutylene) and lower alcohols (e.g., ethanol or methanol) as described 

15 by Koshar et al., J.Am. Chem. Soc, 79, 1741 (1957). 

Some examples of useful alkyl fluorovinylalkyl ethers include the following: 

CF 2 =CFOR 

CF 3 CF=CFOR 

(CF 3 ) 2 C=CFOR 

(CF 3 ) 2 C=C(C 2 F 3 )OR 

(CF 3 ) 2 C(OR)C[CF(CF 3 ) 2 ]=C(OR)CF 3 

CF 3 C(OR)=C[CF(CF 3 ) 2 ] 2 

CF 2 =C(CF 3 )C(CF 3 )=CFOR 

C 2 F 5 CF(CF 3 )C(C 2 F 5 )=CFOR 

C 2 F 5 CF(CF 3 )C(CF 3 )=C(CF 3 )OR 

CF 3 (OR)C=C(CF 3 )C(CF 3 )=C(OR)CF 3 



OR OR 




F 1 T F I 



wherein each R is independently an alkyl group preferably having from about 1 to 
10, more preferably from about 1 to 6 carbons. \ 
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The fluorinated alkoxide can be any fluorinated alkoxide capable of reacting 
with the alkyl fluorovinylalkyl ether. An example of useful fluorinated alkoxides 
include those of general formula II: 

RrOTvT 

'5 (II). 

In formula II, M* describes a cation such as Na + , K + , Li + , NR/ (wherein R 
comprises, e.g., a lower alkyl), etc., and R f can be a linear or branched 
fluoroaliphatic group preferably having from 1 to 10 carbon atoms, optionally 
containing a catenary ether oxygen of trivalent nitrogen, and preferably being 

10 perfluorinated. 

The fluorinated alkoxide can be derived from a fluorinated alkoxide 
precursor, (also referred to herein as "the precursor") as is well known in the 
chemical art, and according to a number of different, known methods. A number of 
exemplary fluorinated alkoxide precursors and corresponding fluorinated alkoxides 

15 are shown below: 



Precursor 


Fluorinated Alkoxide 


CF 2 (0) 


CF 3 OTvf 


CF 3 C(0)F 


C 2 F 5 OT^ + 


C 2 F 5 C(0)F 


C 3 F 7 OTvr 


C3F 7 C(0)F 


C 4 F 9 O^T 


C 4 F 9 C(0)F 


CsFmOTvT 


C } F„C(0)F 


CfiFnOTvT, 


CF 3 OCF 2 C(0)F 


CF 3 OC 2 F<OTvT 


(CF 3 )2C(0) 


(CF 3 ) 2 CFOT*f 


(CF 3 ) 2 NCF 2 C(0)F 


(CF 3 ) 2 NCF 2 CF 2 OTvr 


FC(0)CF 2 C(0)F 


lvTOC 3 F 6 OTvf f 




F y~ 0"M + 


F ^-C(0)F 


<^F^>— CF 2 0'M + 




CF 3 — F^>— 0"M + 








F^-CTM + 




^£>-C(0)F 




"f^CFzO'M* 
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0 F N-CF 2 C(0)F 

\ / 



0 // ~F _ ^N-C FoCFoO " 



10 



15 



According to one method of preparing a fluorinated alkoxide from a 
precursor, any of a fluorinated acyl fluoride, fluorinated acyl chloride, fluoroalkyl 
ester, a fluorinated anhydride, or a fluoroalkyl carbonate can be used as a suitable 
fluorinated alkoxide precursor (if a fluoroalkyl ester is used as a fluorinated 
alkoxide precursor, the carbon atom alpha to the ester oxygen should generally be 
at least di-fluorinated). These precursors can be converted to fluorinated alkoxides 
by contacting them with fluoride ion, e.g., in the form of an anhydrous alkali metal 
fluoride salt, in an anhydrous, polar, aprotic solvent, to generate a fluorinated 
alkoxide Rf-CT (the fluorinated alkoxide typically exists in solution in an ionic form, 
RrO"). The fluoride ion can generally be reacted with the precursor in a 
stoichiometric amount, or perhaps a slight excess; a large excess of fluoride ion is 
undesirable due to the possibility that it be present to react with the alkyl 
fluorovinylalkyl ether. 

As a single example, a fluorinated acyl fluoride can be reacted with 
potassium fluoride to produce a corresponding fluorinated alkoxide, as follows: 



R f 'C(0)F » [Rf'CF 2 0-] 

20 Rf' can be a linear or branched fluoroaliphatic group. Rf' preferably has from 1 to 
6 carbon atoms. In the above reaction scheme, R f ' CF 2 - in the fluorinated alkoxide 
corresponds to the group defined in formula II as Rf. 

Examples of compounds that can be useful as fluorinated alkoxide 
precursors include fluorinated acyl fluorides, fluorinated acyl chlorides, fluoroalkyl 

25 esters, fluorinated anhydrides, and fluoroalkyl carbonates, and are exemplified as 

follows: CF 3 C(0)F, C 2 F 5 C(0)F, C 3 F 7 C(0)F, C4F 9 C(0)F, C 5 F n C(0)F, CF 3 C(0)C1, 
C 2 F 5 C(0)C1, C 3 F 7 C(0)C1, C4F 9 C(0)C1, C 5 F„C(0)C1, CF 3 C0 2 CF 3 , C 2 F 5 C0 2 C 2 F 5 , 
C 3 F 7 C0 2 C 3 F 7 , C4F 9 C0 2 C4F 9 , CsFnCO.CsFn, CF 3 C(0)-0-C(0)CF 3 , C2F 5 C(0)-0- 



-6- 
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C(0)C 2 F 5 , C 3 F 7 C(0)-0-C(0)C 3 F 7 , C4F 9 C(0)-0-C(0)C4F 9 , C 5 F n C(0)-0- 
C(0)C 5 F n , CF 3 OC(0)OCF 3 , CF 3 CF 2 OC(0)OCF 2 CF 3 , C 3 F 7 OC(0)OC 3 F 7 , etc., 

0 0 0 




as well as partially fluorinated analogues thereof. 
5 In a second method of producing a useful fluorinated alkoxide, a fluorinated 

alkoxide can be derived from a fluoroketone. A fluoroketone can be converted to a 
fluorinated alkoxide by reaction with a stoichiometric amount (or a slight excess, as 
described above) of anhydrous alkali metal fluoride to generate a secondary 
fluoroalkoxide. 

Each Rf ' can independently be as defined above. It can be preferred that in the 

ketone precursor, at least one of the Rf' groups have a primary carbon atom alpha 

to the carbonyl. Most preferably with respect to ketone fluorinated alkoxide 
15 precursors, one of the R f ' groups is -CF 3 . With respect to the above reaction 

scheme, R f ' Rf ' CF- corresponds to the group defined in formula II as Rf. 

Fluoroketones can be prepared, e.g., by methods describee! in M. Hudlicky, 

Chemistry of Organic Fluorine Compounds, pp. 62, 360-1, 380, 389, 392, 505, 617, 

and 654-7 (2 nd ed. 1992). 
20 Examples of fluoroketones useful as fluorinated alkoxide precursors include, 

for example: CF 3 C(0)CF 3 , C 2 F 5 C(0)C 2 F5, C 3 F 7 C(0)C 3 F 7 , C4F 9 C(0)C4F 9 , 

C4F 9 C(0)CF 3 , HC4F 8 C(0)CF 3 , 
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/ v 0 j v 0 

I 

A fluorinated alkoxide can also be prepared by reacting a fluorinated tertiary 
alcohol fluorinated alkoxide precursor with a stoichiometric amount (or slight 
excess) of base, e.g., potassium hydroxide or sodium hydride, in a polar, aprotic 
5 solvent, to produce a tertiary fluorinated alkoxide: 

base 

Rf'Rf'Rf'COH Rf'RfRfCO" 

Each R f ' can independently be a linear or branched fluoroaliphatic group, 
preferably having from about 1 to 6 carbon atoms. In this reaction scheme 
R f ' R f ' R f ' C- corresponds to the group defined in formula II as R f . 

10 Examples of suitable tertiary alcohols for use as precursors to a fluorinated 

alkoxide include (CF 3 ) 3 COH, (CF 3 ) 2 C(C 2 F 5 )OH, and (CF 3 ) 2 CFCF 2 C(CF 3 ) 2 OH. 

Fluorinated acyl fluorides are well known in the chemical art, and can be 
prepared by electrochemical fluorination (ECF) of a corresponding hydrocarbon 
carboxylic acid (or a derivative thereof), using either anhydrous hydrogen fluoride 

15 (Simons ECF) or KF2HF (Phillips ECF) as the electrolyte. Fluoroalkyl esters and 
fluoroalkyl carbonates are also well known in the chemical art, and can be prepared 
from fluorinated acyl fluorides, or can be directly prepared by known methods such 
as fluorination of an appropriate organic precursor. 

Fluorinated acyl fluorides and fluorinated ketones can also be prepared by 

20 dissociation of fluorinated carboxylic acid esters, which can be prepared from a 

hydrocarbon or partially-fluorinated carboxylic acid ester by direct fluorination with 
fluorine gas. Dissociation can be achieved by contacting the fluorinated carboxylic 
acid ester with a source of fluoride ion (see, e.g., United States Patent No. 
3,900,372 (Childs) or by combining the ester with an initiating reagent such as a 

25 gaseous non-hydroxylic nucleophile, a liquid non-hydroxylic nucleophile, or a 

mixture of at least one non-hydroxylic nucleophile (gaseous, liquid, or solid) and at 
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> ethylene glycol dbnethv,.,,, [ ^ " dime,h> " «" 

«* - dinte t „y, su , fo e ^ " ~; ^ ^ 



»fO f 3 * r " f0 'I - RfOR . " f 




5 compound. In the above reaction . h ^ Carb ° nyi 

aCt '° n SChCme Cach ^ V. and R 

The reaction may be accomplished by preparinc . 

The of ,he alfcyl fl„orovi„yl a , M ^ „, . . 

can oe chosen as de , red> bu , Jj* ~ *«— — d. 
dative molar amounts of each ' , * *" mt, "° Va,M «*- learns ,bc 

* i" 'he from about H ,o ^ ~> 

alkoxide. ' , " S " a,M fl"«»vi„yla lk y, eIher to fluorinated 

Generally, heating of the ^ . 

can proceed a, ambient temperature "7"" " " »■ - - reaction 

P ature. Sail, anytemperature between 0 »c and 
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100°C may be used, with ambient temperature being preferred. Mild heating e.g., 
to about 60°C, can be useful to cause production of a fluorinated alkoxide from its 
precursor, or to increase reaction rate of the alkyl fluorovinylalkyl ether and the 
fluorinated alkoxide. The course of the reaction can be monitored using standard 



5 analytical techniques, e.g., gas chromatography, to observe conversion of the 
reactants and product formation. 

In a preferred method of the process of the invention, the fluorinated 
alkoxide can be initially generated in situ, i.e., within the reaction solution, for 
example, by adding a source of anhydrous fluoride ion, or a base, as appropriate, to 

10 a fluorinated alkoxide precursor dissolved in solvent (with mild heating if desired). 
Thereafter, the alkyl fluorovinylalkyl ether can be added to the reaction solution. 
The reactants may be charged at a temperature at or below room temperature 
(25 C), and then warmed slightly to effect formation of the fluorinated alkoxide. 
The reaction solution may then be cooled to allow addition of the alkyl 

1 5 fluorovinylalkyl ether to the reactor. 

A reaction product can include a hydrofluoroether having the structure 
Rr-O-R, wherein R f and R are as defined. Examples of a number of 
hydrofluoroethers are described, for example, in Assignee's copending United 
States patent application serial number 08/649,361, having Attorney's Docket 



20 Number 51258USA4C, and filed May 17, 1996. A number of specific, non-limiting 
examples of HFEs that can be prepared by the reaction include C3F7OCH3, 
C3F7OC2H5, C3F7OC3H7, C3F7OC4H9, C3F 7 OC5H n , C3F 7 OC6H 13 , C4F 9 OCH 3 , 
C4F9OC2H5, C4F9OC3H7, C4F9OC4H9, C4F 9 OC 5 H n , C4F90C 6 H 13) CjFnOCHs, 
C 5 FnOC 2 H 5 , C 5 FnOC 3 H 7 , C5F11OC4H9, C 5 FnOC 5 H„, CsFnOCsH^, C6F 13 OCH 3 , 

25 C6F 13 OC 2 H5, C6F 13 OC 3 H 7 , CJnOCJEfe, C 6 F 13 OC 5 H 11 , C 6 F 13 OC6H 13 , C 7 F 13 OCH 3 , 
C 7 F 15 OC 2 H 5 , C7F 15 OC 3 H7, C 7 F 15 OC4H 9 , C 7 F 15 OC 5 Hn, C7F 15 OC6H 13 , C 8 F 17 OCH 3 , 
C 8 F 17 OC 2 H 5 , C 8 F J7 OC 3 H 7 , CgFnOCJfe, C,F 17 OC 5 H„, C 8 F 17 OC 6 H 13 , 
CF 3 OC 3 F 6 OCH 3 , C 2 F 5 OC 2 F40C 2 H5, CH 3 OC4F 8 OCH 3 






-10- 
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CH 3 3r\ F >— CF 2 0CH 3 




F W>CH< 




/ \ 

CF 2 CF 2 0CH 3 0^ F ^N-CF 2 CF 2 0CH 3 



Another reaction product can be a conjugate base of a fluorinated carbonyl 
compound having the mesomeric carbanion structure: 

Rf !>— <° 

Rf2 Rf3 

5 (This structure is shown without the presence of a stabilizing counterfoil, e.g., M* 
as previously defined). In the above formula, the identities of the Rf 1 , R f 2 , and R f 3 
groups depend on the chemical identity of the alkyl fluorovinylalkyl ether reactant. 

The immediate hydrofluoroether and conjugate base reaction products can 
be separated, and each can be individually processed or further reacted, as desired. 
10 Because the conjugate base reaction product exists as a non-volatile salt, while the 
hydrofluoroether is typically relatively more volatile, separation and isolation of the 
hydrofluoroether from the reaction solution can generally be accomplished by 
simple distillation or nitrogen purge methods. 

Once the hydrofluoroether has been separated from the reaction solution, 
|15 the conjugate base of the fluorinated carbonyl compound can be further processed 
or reacted to produce other useful and desired chemical compounds. For example, 
the conjugate base can be treated with water to produce an alpha-hydro carbonyl 
compound. If R f 3 is a fluoroalkyl, the conjugate base of the fluorinated carbonyl 
compound reaction product will be a conjugate base of a fluoroketone. Upon 
20 treatment with water such a compound can yield an alpha-hydro fluoroketone. 

Rf 1 O 



CH-C— R f ' 

f 



R^ 



Exemplary alpha-hydro fluoroketones are shown in the table below with their 
corresponding alkyl fluorovinylalkyl ether reactants. 
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alkyl fluorovinylalkyl ether reactant 


fluorinated carbonyl compound 


(CF 3 ) 2 C=C(C 2 F 5 )OR 


(CF 3 ) 2 CHC(0)C 2 F 5 


(CF 3 )2C(OR)CrCF(CF 3 )2]=C(OR)CF3 


(CF 3 ) 2 C(OR)CHr(CF(CF 3 ) 2 lC(0)CF 3 


CF 3 C(OR)=CrCF(CF 3 ) 2 l 2 


CF 3 C(0)CHrCF(CF 3 ) 2 l 2 


CF 2 =C(CF 3 )C(CF 3 )=CFOR 


CF 2 =C(CF 3 )CH(CF 3 )C(0)F 


C 2 F 3 CF(CF 3 )C(C 2 F 5 )=CFOR 


C 2 F 5 CF(CF 3 )CH(C 2 F 5 )C(0)F 


C 2 F 5 CF(CF 3 )C(CF 3 )=C(CF 3 )OR 


C 2 F 5 CF(CF 3 )CH(CF 3 )C(0)CF 3 


CF 3 C(OR)=C(CF 3 )C(CF 3 )=C(OR)CF 3 


CF 3 C(0)CH(CF 3 )CH(CF 3 )C(0)CF 3 


OR OR 

<^> 


0 0 

1 H HJ 

Vx — V/ 


OR OR 


0 0 



If Rf is a fluorine atom, the conjugate base of the fluorinated carbonyl 
compound will be a conjugate base of a fluoroalkyl acyl fluoride having the 
mesomeric structure: 

Rf\/0- 

Rf2 F 

which, upon treatment with water, can yield an alpha-hydro fluoroalkyl carboxylic 
acid having the structure 

O 



Rf' 



2/ 



CH-C-OH 



10 Exemplary alpha-hydro fluoroalkyl carboxylic acids and their corresponding alkyl 



fluorovinylalkyl ether reactants are shown in the table below. 



alkyl fluorovinylalkyl ether 


fluorinated carbonyl compound 


CF 2 =CFOR 


CHF 2 C0 2 H 


CFCl=CFOR 


CHFC1C0 2 H 


CCl 2 =CFOR 


CHC1 2 C0 2 H 


CF 3 CF=CFOR 


CF 3 CHFC0 2 H 


(CF 3 ) 2 C=CFOR 


(CF 3 ) 2 CHC0 2 H 



-12- 
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Many carboxylic acids are generally stable under neutral or acidic conditions, but 
may be decarboxylated under basic conditions to produce a hydrofluorocarbon: 

R f 1 Rf 2 CHC0 2 H ► Kf% 2 CH 2 + C0 2 

5 

Methods of decarboxylating secondary carboxylic acids are known in the chemical 
art. As an example of a suitable method, the addition of a stoichiometric amount of 
base (e.g., triethylamine) can be sufficient to cause decarboxylation and the 
production of a hydrofluorocarbon. Decarboxylation of fluoroalkyl carboxylates is 

10 described, for example, in Chemistry of Organic Fluorine Compounds, M. 
Hudlicky, pp. 496-500 (2 nd ed. 1992). 

As an alternative to decarboxylation, an alpha-hydrocarbonyl compound 
may be fluorinated to produce a more highly fluorinated or perfluorinated carbonyl 
compound. See, e.g., United States Patent No. 5,573,654 (Cheburkov et al.). 

15 One specific embodiment of the process of the invention is the reaction of 

heptafluoroisobutenyl methyl ether with perfluorobutyl alkoxide to produce " 
perfluorobutyl methyl ether and the conjugate base of alpha-hydro 
hexafluoroisobutanoyl fluoride; subsequently the conjugate base of alpha-hydro 
hexafluoroisobutanoyl fluoride can be hydrolyzed and then decarboxylated to form 

20 hexafluoropropane (HFC-236fa). The process can go specifically as follows: 

First, heptafluoroisobutenyl methyl ether can be reacted with perfluorobutyl 
alkoxide according to the invention to produce perfluorobutyl methyl ether and the 
conjugate base of alpha-hydro hexafluoroisobutanoyl fluoride: 

25 (CF 3 ) 2 C=CFOCH 3 + C4F 9 OTT C4F 9 OCH 3 + (CF 3 ) 2 OCOTX + 

The perfluorobutyl alkoxide can be prepared in situ by contacting perfluorobutanoyl 
fluoride with anhydrous potassium fluoride as previously described. The 
perfluorobutyl methyl ether product can be easily separated from the non-volatile 
30 conjugate base, (CF 3 ) 2 C=COTK + . The conjugate base may then be hydrolyzed to 
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its carboxylic acid, which can be decarboxylated with aqueous base to form 
hexafluoropropane: 

(CF 3 ) 2 CH-C0 2 H + Et 3 N/H 2 0 -» (CF 3 ) 2 CH 2 + C0 2 . 

5 

In the above preferred reaction scheme, the heptafluoroisobutenyl methyl 
ether reactant can be obtained from a number of commercial sources, or can be 
prepared from perfluoroisobutene (PFIB). One method involves the addition of 
methanol to perfluoroisobutene to produce octafluoroisobutyl methyl ether, 
10 followed by dehydrofluorination of the octafluoroisobutyl methyl ether to produce 
heptafluoroisobutenyl methyl ether, as shown: 

CF 3v CF 3 /H CF 

x ocf 2 + ch 3 oh - c— cf2och3 - c=cfoch 3 + hf 

cf/ cf/ cf{ 

The alkoxylation (e.g., methoxylation, ethoxylation, etc., as desired) of 
perfluoroisobutene can be accomplished by methods known in the chemical art. 

1 5 One such method generally involves passing a gaseous stream containing 

perfluoroisobutene through methanol to produce octafluoroisobutyl methyl ether. 
The octafluoroisobutyl methyl ether can be dehydrofluorinated by any of a number 
of known methods, for example by refluxing the octafluoroisobutyl methyl ether in 
15% aqueous potassium hydroxide at 100°C to produce heptafluoroisobutenyl 

20 methyl ether. An example of a procedure for producing heptafluoroisobutenyl 
methyl ether is described in Koshar R.H., Simmons T. C, Hoffman F.W., J Am. 
Chem Soc. 79 1741 (1957). 

Thus, an embodiment of the invention includes the steps of providing 
perfluoroisobutene; reacting the perfluoroisobutene with methanol to produce 

25 octafluoroisobutyl methyl ether; dehydrofluorinating the octafluoroisobutyl methyl 
ether to produce heptafluoroisobutenyl methyl ether; reacting the 
heptafluoroisobutenyl methyl ether with a fluorinated alkoxide (e.g., perfluorobutyl 
alkoxide) to produce a hydrofluoroether and a conjugate base of the fluorinated 
carbonyl compound; hydrolyzing the conjugate base of the fluorinated carbonyl 
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compound to produce an alpha-hydro fluoroalkyl carboxylic acid; and 
decarboxylating the alpha-hydro fluoroalkyl carboxylic acid. 

EXAMPLES 

5 1. Reaction of potassium pentafluoropropoxide with 1- 

methoxyheptafluoro-l-isobutene (methylheptafluoroisobutenyl ether). 

In a pressure glass reactor with magnetic bar stirrer, pentafluoropropionic 
acid fluoride (3.28 g, 75% purity 15 mmol) and potassium fluoride (1.27 g, 22 
10 mmol) were heated in diglyme (8.7 g) for 30 min at 50° C, then held at 0° C for 1 
hour then cooled to -50° C. Methoxyfluoroisobutene (7.51 g, 96% purity, 34 
mmol) was added to the solution and the mixture agitated at room temperature for 
17 hours. 

After warming to 45°C, the reactor was vented into a trap (-78°C) and was 

15 collected 0.23 g of a mixture consisting of (GC%): 25% starting propionyl fluoride, 
45.5% C 3 F 7 OCH 3 , and 28% hexafluoropivaloyl fluoride CH 3 C(CF 3 ) 2 C(0)F (an 
isomerization product of the methoxyfluoroisobutene). The remaining contents of 
the reactor were distilled into a trap (-78C) under vacuum (25 torr at 40°C) to yield 
6.39 g of a liquid consisting of (GC%): 36.5% C 3 F 7 OCH 3 , 55% the 

20 hexafluoropivaloyl fluoride and 3.5% starting vinyl ether. 

To the diglyme residue in the reactor was added 10 ml H 2 0 (the solution 
had pH=4) and triethylamine (2.4g) to raise the pH to 8. Distillation yielded a 
fraction with b.p. up to 100°C, 1.59 g, which is mainly triethylamine with purity 
85% contaminated 10% diglyme (triethylamine recovery 56%), and 3.25 g of 

25 material which was recondensed in a second trap to give a 2.73g mixture (GC%): 
87% CF 3 CH 2 CF 3 , 8% CF 3 CH=CF 2 (from dehydrofluorination), 2% C 3 F 7 OCH 3 and 
1.5% CH 3 C(CF 3 ) 2 C(0)F (C5 acid fluoride). 

The product yields were calculated based on weights of all obtained liquid 
and gaseous products mixtures, and purity of starting materials. Yield of 

30 C 3 F 7 OCH 3 , 86% on consumed pentafluoropropionic acid fluoride. Yield of 
CF 3 CH 2 CF 3 , 50. 1 % and the hexafluoropivaloyl fluoride 49.5% . 
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2. Reaction of isomeric potassium perfluorobutoxides with 

1-methoxyheptafluoro-l-isobutene (methylheptafluoroisobutenyl 
ether). 

5 Using essentially the same procedure as in Example 1, an isomeric mixture 

of the perfluorobutyric acid fluorides (2.67 g with summary acyl fluorides content 
81%, 10 mmol), potassium fluoride (0.78 g, 13 mmol), the 1-methoxyheptafluoro- 
1-isobutene (5.10 g, 96% purity, 23 mmol) was combined in 8.54 g diglyme and 
agitated at room temperature for 34 hours. The reactor was vented and 5.44 g of 
material collected in the trap. The material consisted of (GC%): 4.0% starting C4 
acyl fluoride, 35.3% C^OCHa, 58.5% hexafluoropivaloyl fluoride (C5 acid 
fluoride) and a trace (0.4%) of diglyme. To the diglyme residue was added 8.64 g 
H z O and 1 .76 g triethylamine to yield 1.38 g CF 3 CH 2 CF 3 (after recondensation), 
and 95.5 % purity. The products yields were calculated based on the weight of 
obtained mixtures, their GC% content and purity of starting compounds. Yield of 
C4F 9 OCH 3 is 77% (from perfluorobutyric acid fluorides and 85% on the consumed 
fluorides). Yield of CF 3 CH 2 CF 3 is 39% and C5 acid fluoride - 65%. 

3. Reaction of potassium pentafluoropropoxide with 1-ethoxyheptafluoro- 
1-isobutene (ethylheptafluoroisobutenyl ether). 

Using essentially the same procedure as in Example 1, pentafluoropropionyl 
fluoride (2.47g, 11 mmol), KF (0.94 g, 16 mmol) and 1-ethoxyheptafluoro-l- 
isobutene (4.26 g, 16.5 mmol) in 7.44 g diglyme were agitated at room temperature 
for about 60 hours to yield 3.0 g of liquid consisting of (GC%): 80% C 3 F 7 OC 2 H 5 
and 5.5% starting vinyl ether. To the remaining diglyme solution was added equal 
volume of water and 1.8 g triethylamine (to pH 9) to yield 1.5 g of gas collected in 
the trap which comprised: 98 GC% CF 3 CH 2 CF 3 (including 10% of olefin 
CF 3 CH=CF 2 ) plus 1% C 3 F 7 OC 2 H 5 . Triethylamine recovery (KOH addition to the 
solution and distillation) gave 2.62 g liquid material, which consisted of. 2% 
CF 3 CH 2 CF 3 , 58% triethylamine, 8% the unreacted starting ethoxyfluoroisobutene 
and 21% diglyme. Calculated yields by GC: C 3 F,OC 2 H 5 105% based on acid 
fluoride used; CF 3 CH 2 CF 3 , 67% based on the consumed vinyl ether. 
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4. Reaction of isomeric perfluorobutoxide mixture with 1- 
ethoxyheptafluoro-l-isobutene (ethylheptafluoroisobutenyl ether). 

Using essentially the procedure as in Example 1, a mixture of 
5 perfluorobutyric acid fluorides (3.77 g with acyl fluoride content of 81%, 14 mmol), 
KF (1.02 g ,17 mmol), the ethoxyisobutene (4.56 g with purity 88%, 0. 18 mmol) in 
8.33 g diglyme was agitated at room temperature for four days. The reactor was 
vented to yield 0.67 g liquid which comprised (GC%): 88% starting acyl fluorides 
mixture and 8% C4F9OC2H5. The reaction solution remaining in the reactor was 

10 vacuum distilled to yield 3.0 g of a mixture which comprised (GC%): 75% 
C4F 9 OC 2 H 5 , 1.5% C 2 H 5 C(CF3)2C(0)F and 7.6% starting vinyl ether. After 
decarboxylation by treatment with triethylamine, the remaining diglyme solution 
yielded 1.45 g CF 3 CH 2 CF 3 (purity 98% contaminated with 1.5% C4F9OC2H5 and " 
0.5% (CF 3 )CC 2 H 5 C(0)F). Triethylamine recovery gave 2.5g organic liquid material 

15 with b.p. up to 101°^ consisting of (GC%): 2.5% CF 3 CH 2 CF 3 , 42% triethylamine, 
9% starting vinyl ether and 29% diglyme. Calculated yields were: C4F 9 OC 2 H 5 , 72% 
on the consumed acid fluoride mixture, CF 3 CH 2 CF 3 , 75% on consumed vinyl ether. 

5. Reaction of l-trifluoromethyl-perfluoro-3-pentanone with 1-methoxy- 
20 1-perfluoroisobutyl ether. 

Into a 500 ml three necked round bottomed flask equipped mechanical 
stirrer, Friedrichs condenser, calcium sulfate drying tube and a thermometer was 
placed anhydrous potassium fluoride (8.0g, 0.138 moles), anhydrous 

25 diglyme(120g), Adogen™ 464 (0.3g), Mrifluoromethyl-perfluoro-3-pentanone 
(99.2% assay, 32. 4g, 0.102 moles), and 1 -methoxy-heptafluorisobutylene (92% 
assay, 25. 4g, 0.1 1 moles). The light yellow heterogeneous mixture was stirred at 
ambient temperature overnight after which time solids had formed on the sides of 
the reaction flask. Heating to about 55C was applied for two hours followed by the 

30 gradual addition of water (50 ml) and triethylamine (12.0 gms, 0. 1 19 moles). Some 
outgassing occurred during the water addition and liquid products were noted and 
collected in a -78°C cold trap which was attached after the condenser. 



WO 99/37598 



PCT/US98/10437 



The mixture was heated to reflux temperature to collect the liquid 
hydrofluoroether in a Barrett trap and low boiling products in the dry ice trap. A 
total of 22.6 gms of product was collected in the Barrett trap which GC revealed as 
C 2 F 3 CF(OCH 3 )CF(CF 3 ) 2 , 79%. The molar yield of C 2 FjCF(OCH 3 )CF(CF3) 2 was 
5 calculated to be 50%. The condensate in the -78° cold trap, 19.0 gms, contained 
some additional C 2 F 5 CF(OCH 3 )CF(CF 3 ) 2 ( ~6.%), CF 3 CH 2 CF 3 (44%) along with 
some starting vinyl ether. The presence of the some unreacted starting ketone was 
detected by gc/ms analysis. A 46% molar yield CF 3 CH 2 CF 3 was realized. 
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What is claimed is: 

1 . The reaction of a fluorinated alkoxide with an alkyl fluorovinylalkyl 
ether having alpha-beta carbon-carbon unsaturation relative to the ether oxygen, to 
produce a hydrofluoroether. 

5 

2. The reaction of claim 1, wherein the alkyl fluorovinylalkyl ether is of 
the formula: 

;c-c 

wherein R comprises an alkyl, and Rf , R f 2 , and R f 3 are independently fluorine atoms 
10 or fluorinated aliphatics. 



3. The reaction of claim 2, wherein Rf 1 , R f 2 , and R f 3 are each 
independently fluorine or a perfluorinated aliphatic having from 1 to 1 0 carbon 
atoms, and R is a linear or branched alkyl having from 1 to 6 carbon atoms. 

15 

4. The reaction of claim 1, wherein the alkyl fluorovinylalkyl ether is 

chosen from the group consisting of: 

CF 2 =CFOR 

CF 3 CF=CFOR 

(CF 3 ) 2 C=CFOR 

(CF 3 ) 2 C=C(C 2 F 5 )OR 

(CF 3 ) 2 C(OR)C[CF(CF 3 ) 2 ]=C(OR)CF 3 

CF 3 C(OR)=C[CF(CF 3 ) 2 ] 2 

CF 2 =C(CF 3 )C(CF 3 )=CFOR 

C 2 F 5 CF(CF 3 )C(C 2 F 5 )=CFOR 

C 2 F 5 CF(CF 3 )C(CF 3 )=C(CF 3 )OR 

CF 3 (OR)=C(CF 3 )C(CF 3 )=C(OR)CF 3 



OR OR 
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OR OR 




wherein each R independently comprises an alkyl. 



5. The reaction of claim 1, wherein the fluorinated alkoxide has the 
general formula: 
5 Rf-0\ 
wherein Rf is a fluoroalkyl. 



6. The reaction of claim 5, wherein Rf contains from 1 to 10 carbon 

atoms. 



7. The reaction of claim 5, wherein the fluorinated alkoxide is chosen 

from the group consisting of 

CFsCTM* 

CzFjO-M" 

C 3 F 7 0-M* 

C4F90-M* 

C 5 F H 07vr 

CeFnOTvT, 

CF 3 (0)C 2 F 4 OTvr 

(CF 3 ) 2 CFOTvf 

(CF 3 ) 2 NCF 2 CF 2 07vf 

M + OC 3 F 6 0'M + 
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c/"f~\i-c F 2 C F 2 0 " M + 

8. The reaction of claim 1, wherein the hydrofluoroether has the 
general formula Rf-O-R, wherein R f is a fluoroalkyl having from 1 to 10 carbons, 
and R is an alkyi having from 1 to 6 carbons. 

5 

9. The reaction of claim 1, wherein the hydrofluoroether is chosen from 
the group consisting of C3F7OCH3, C 3 F 7 OC 2 H 5 , C 3 F 7 OC 3 H7, C3F7OC4H9, 
C 3 F 7 OCjH U) C 3 F 7 OC 6 H 13) C4F 9 OCH 3 , C4F 9 OC 2 H 5 , CF 9 OC 3 H 7> CJ^OCH.,, 
C4F 9 OC 5 H n , C4F 9 OC 6 H 13) C 5 F„OCH 3> C 5 F u OC 2 H 5 , C 5 F„OC 3 H 7 , C s F„OC4H 9 , 

10 CjF,,OC s H„, C 5 F u OC 6 H 13) C^OCHb, C 6 F 13 OC 2 H 5 , C 6 F 13 OC 3 H 7 , C«F 13 OC4H 9 , 

C6F13OC5H11, C6Fi30C6Hi3,. C7F15OCH3, C7F15OC2H5, C7Fi50C3H7, C7F15OC4H9, 

CF^OCsHn, C 7 F 15 OC 6 H 13) C 8 F 17 OCH 3> C 8 F 17 OC 2 H 5) C 8 F 17 OC 3 H 7 , C 8 F 17 OC4H 9 , 
C 8 F 17 OC 5 H H) C 8 Fi 7 OC6H 13) CF 3 OC 3 F 6 OCH 3 , C 2 F 5 OC 2 F 4 OC 2 H } , CH 3 OC4F 8 OCH 3 





0CH 3 < F >— 0C 2 H 5 ( F >— CF 2 0C 2 H 5 



[TV. 



rrv. 



CH 3 Jy, [ F y — CF 2 0CH 3 

F >— 0CH-, ^ / 





15 10. The reaction of claim 1, wherein a reaction product further 

comprises a conjugate base of a fluorinated carbonyl compound. 



11. The reaction of claim 10, wherein the conjugate base of a fluorinated 
carbonyl compound has the mesomeric carbanion structure: 

R fV=< 0- 

Rf2 Rf3 
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wherein R f l , R f 2 , and R f 3 are independently fluorine atoms or fluorinated aliphatic 
groups. 

12. The reaction of claim 10, wherein a conjugate acid of the fluorinated 
5 carbonyl compound can be a compound chosen from the group consisting of: 
CHF 2 COF 

CHFC1COF 

CHC1 2 CQF 

CF3CHFCOF 

(CF 3 ) 2 CHCOF 

(CF 3 )2CHC(Q)C 2 F3 

(CF 3 )2C(OR)CHr(CF(CF3)2lC(0)CF 3 

CF 3 C(Q)CHrCF(CF 3 ) 2 l2 

CF 2 =C(CF 3 )CH(CF 3 )COF 

C2F 5 CF(CF 3 )CH(C2F 5 )COF 

C 2 F 5 CF(CF 3 )CH(CF 3 )COCF 3 

CF 3 COCH(CF 3 )CH(CF 3 )COCF 3 




13. A process for preparing a hydrofluoroether, the process comprising 
the steps of: 

providing an alkyl fluorovinylalkyl ether; 
1 0 providing a fluorinated alkoxide; 

reacting the alkyl fluorovinylalkyl ether with the fluorinated alkoxide 
to produce a hydrofluoroether. 



14. The process of claim 13, wherein the fluorinated alkoxide is 
provided from a fluorinated alkoxide precursor chosen from the group consisting 
of: a fluorinated acyl fluoride, a fluorinated acyl chloride, a fluoroalkyl ester, a 
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fluoroalkyl carbonate, a fluorinated ketone, a fluorinated tertiary alcohol, and a 
fluoroalkyl anhydride. 

15. The process of claim 14, wherein the fluorinated alkoxide is 
5 provided by treating one or more fluorinated alkoxide precursors chosen from a 
fluorinated acyl fluoride, a fluorinated acyl chloride, a fluoroalkyl ester, a 
fluoroalkyl carbonate, or a fluoroalkyl anhydride with an anhydrous alkali metal 
fluoride in an anhydrous, polar, aprotic solvent to generate a fluorinated alkoxide. 

10 16. The process of claim 15, wherein the fluorinated alkoxide precursor 

is chosen from the group consisting of CF 3 C(0)F, C 2 F 5 C(0)F, C 3 F 7 C(0)F, 
C4F 9 C(0)F, C 5 FnC(0)F, CF 3 C(0)C1, C 2 F 5 C(0)C1, C 3 F 7 C(0)C1, C4F 9 C(0)C1, 
C 5 FnC(0)Cl, CF 3 C0 2 CF 3 , C 2 F 5 C0 2 C 2 F 5 , C 3 F 7 C0 2 C 3 F 7 , C4F 9 C0 2 C4F 9 , 
QFnCCbCsFn, CF 3 C(0)-0-C(0)CF 3 , C 2 F 5 C(0)-0-C(0)C 2 F 5 , C 3 F 7 C(0)-0- 

15 C(0)C 3 F 7 , C4F 9 C(0)-0-C(0)C4F 9 , C5F n C(0)-0-C(0)C5F n , CF 3 OC(0)OCF 3 , 
CF 3 CF 2 OC(0)OCF 2 CF 3 , C 3 F 7 OC(0)OC 3 F 7 , 



0 0 0 




17. The process of claim 14, wherein the fluorinated alkoxide is 
provided by treating a fluoroketone with an anhydrous alkali metal fluoride to 

20 generate a secondary fluoroalkoxide. 

18. The process of claim 17, wherein the fluoroketone is chosen from 
the group consisting of CF 3 COCF 3 , C 2 F 5 COC 2 F 5 , C 3 F 7 COC 3 F 7 , C4F 9 COC4F 9 , 
C4F 9 COCF 3 , HC4F 8 COCF 3 , 
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19. The process of claim 14, wherein the fluorinated alkoxide is 
provided by treating a fluorinated tertiary alcohol with a base to produce a 
fluorinated tertiary alkoxide. 

20. The process of claim 19, wherein the fluorinated tertiary alcohol is 
chosen from the group consisting of (CF 3 ) 3 COH, (CF 3 ) 2 C(C 2 F 3 )OH, and 
(CF3)2CFCF 2 C(CF 3 ) 2 OH. 



21. A process for preparing a hydrofluoroether, the process comprising 
the steps of: 

providing octafluoroisobutylene; 

reacting the octafluoroisobutylene to octafluoroisobutyl methyl ether 
by reaction with methanol; 

dehydrofluorinating the octafluoroisobutyl methyl ether to form 
heptafluoroisobutenyl methyl ether; 

reacting the heptafluoroisobutenyl methyl ether with a fluorinated 

alkoxide. 



20 22 • The process of claim 21, wherein the reaction product comprises a 

hydrofluoroether and a conjugate base of a fluorinated carbonyl compound. 

23 . The process of claim 22, further comprising the step of hydrolyzing 
the conjugate base of a fluorinated carbonyl compound. 

25 

24. The process of claim 23, further comprising the step of 
decarboxylating the hydrolyzed conjugate base of a fluorinated carbonyl compound 
to produce a hydrofluorocarbon. 
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25. The process of claim 24, wherein the hydro fluorocarbon comprises a 
hexafluoropropane. 

5 26. A process for preparing a hydrofluoroether and a hydrofluorocarbon 

comprising the steps of 

providing an alkyl fluorovinylalkyl ether; 
providing a fluorinated alkoxide; 

reacting the alkyl fluorovinylalkyi ether with the fluorinated alkoxide 
0 to produce a hydrofluoroether and a conjugate base of a fluorinated carbonyl 
compound; 

treating the conjugate base of a fluorinated carbonyl compound with 
water to produce an alpha-hydro carboxylic acid; and 

decarboxylating the alpha-hydro carboxylic acid to form a 
5 hydrofluorocarbon. 

27. The process of claim 26, comprising the steps of: 
providing heptafluoroisobutenyl methyl ether by reacting 

perfluoroisobutene with methanol to produce octafluoroisobutyl methyl ether, and 
dehydrofluorinating the octafluoroisobutyl methyl ether to produce 
heptafluoroisobutenyl methyl ether; 

reacting the heptafluoroisobutenyl methyl ether with a fluorinated 
alkoxide to produce a hydrofluoroether and a conjugate base of a fluorinated 
carbonyl compound; 

hydrolyzing the conjugate base of a fluorinated carbonyl compound 
to produce an alpha-hydro fluoroalkyl carboxylic acid; and 

decarboxylating the alpha-hydro fluoroalkyl carboxylic acid to 
produce a hydrofluorocarbon. 

28. The process of claim 27, wherein the hydrofluorocarbon comprises a 
hexafluoropropane 
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--CON(R M ) -- , --S--, or --SO. sub. 2 --, where R" is H, or a 
C. sub. 1-6 alkyl radical, 

B is a divalent linear hydrocarbon radical --C.sub.t 

H.sub.2t --, where t is 1 to 12, 

Y is a divalent radical --CH.sub.2 --0--, 

u, v, and w are each independently zero or 1, 

R' is hydrogen or methyl, 

e is from about 0.05 to about 10, 

M is hydrogen, alkali metal, or ammonium, and 

f is from about 5 to about 40. 
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